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1

INFORMATION HANDLING SYSTEM AND
COMPUTER PROGRAM PRODUCT FOR
DYNAMICALLY ASSIGNING QUESTION

PRIORITY BASED ON QUESTION
EXTRACTION AND DOMAIN DICTIONARY

BACKGROUND OF THE INVENTION

In the field of artificially intelligent computer systems
capable of answering questions posed 1n natural language,
cognitive question answering (QA) systems (such as the
IBM Watson™ artificially intelligent computer system or
and other natural language question answering systems)
process questions posed 1n natural language to determine
answers and associated confidence scores based on knowl-
edge acquired by the QA system. In operation, users submuit
one or more questions through a front-end application user
intertace (UI) or application programming interface (API) to
the QA system where the questions are processed to generate
answers that are returned to the user(s). When a large
number of users are simultancously submitting multiple
questions (e.g., thousands of questions at any given time),
traditional QA systems treat every question with the same
level of priornity 1in terms of prioritization so that the ques-
tions are processed 1n chronological order, but this can lead
to 1ineflicient allocation of the QA system resources, such as
can occur when single “noisy neighbor” user asks multiple,
narrowly focused questions directed to a subset of the
ingested corpus, resulting 1n poor or uneven response pro-
cessing by the QA system for other questions that might
have similar or higher importance. While certain question
prioritization schemes have been proposed which use one or
more ad-hoc static priority field values associated with the
incoming request to perform prioritization, such schemes are
not applicable to the processing of natural language ques-
tions due to the non-deterministic nature of such questions.
As a result, the existing solutions for efliciently prioritizing,
and processing questions are extremely difficult at a practi-
cal level.

SUMMARY

Broadly speaking, selected embodiments of the present
disclosure provide a system, method, and apparatus for
dynamically prioritizing the processing of mnquiries to an
information handling system capable of answering questions
by using the cognitive power of the mformation handling
system to perform natural language processing (NLP) analy-
s1s on each question and identily named entity and question
context mnformation which provide feature values used by a
question priority manager to assign a target question priority
value to each question. In selected embodiments, the infor-
mation handling system may be embodied as a question
answering (QA) system which receives a set of questions
from one or more users. For each question, the QA system
determines a question topic and associated question urgency
value by performing NLP analysis to identity the question
topic 1in terms of named entities, n-grams, phrases, and/or
terms 1n the question, and also comparing them with one or
more domain dictionaries (for the domain 1n which the QA
system 1s operating), and by extracting question context
information from the question. In selected embodiments, the
extracted question context information includes, but 1s not
limited to, data that identifies the question timing (e.g., date
and time), question source (e.g., user ID, source device,
channel, etc.), question origination location (e.g., hospital,
public-satety answering point, or other special interest loca-
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tion 1dentifier), and the like. The QA system may also
determine selected operational metrics data for the process-
ing of each question, including but not limited to available
resources, operational or run-time data for the QA system
(e.g., CPU utilization, available disk space, bandwidth uti-
lization, etc.), existing processing requirements under Ser-
vice Level Agreement (SLA) and/or Quality of Service
(QoS) commitments, history of analysis and feedback for
the question or submitting user, and the like. Using the
question topic, question context mnformation, and/or opera-
tional metric data to populate feature values of a priority
assignment module, the QA system may use an artificial
intelligence (Al) learned and rule-based logic to determine
and assign a question urgency value to each question for
purposes ol prioritizing the response processing of each
question by the QA system. Using the question topic and
feature values to weight the question priority, the resulting
question urgency value may be used to dynamically priori-
t1ze response processing by the QA system, such as by using
question urgency values to sort question processing or
including the question urgency value with each question.
The foregoing 1s a summary and thus contains, by neces-
sity, simplifications, generalizations, and omissions of
detail; consequently, those skilled 1n the art will appreciate
that the summary 1s illustrative only and 1s not intended to
be 1n any way limiting. Other aspects, inventive features,
and advantages of the present invention, as defined solely by

the claims, will become apparent in the non-limiting detailed
description set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and 1ts
numerous objects, features, and advantages made apparent
to those skilled 1n the art by referencing the accompanying
drawings, wherein:

FIG. 1 depicts a network environment that includes a
knowledge manager that utilizes a knowledge base;

FIG. 2 15 a block diagram of a processor and components
of an information handling system such as those shown 1n
FIG. 1;

FIG. 3 illustrates a simplified flow chart showing the logic
for dynamically assigning question priority based on
extracted named entity and question context information;
and

FIG. 4 1llustrates an example output of a question priority
manager which processes a data set to generate feature
values which are used by a machine-learning predictive
model to assign a target question priority value to each
question.

DETAILED DESCRIPTION

The present invention may be a system, a method, and/or
a computer program product. In addition, selected aspects of
the present invention may take the form of an entirely
hardware embodiment, an entirely software embodiment
(including firmware, resident software, micro-code, etc.) or
an embodiment combiming software and/or hardware
aspects that may all generally be referred to herein as a
“circuit,” “module” or “system.” Furthermore, aspects of the
present mvention may take the form of computer program
product embodied 1mn a computer readable storage medium
(or media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.
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The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
dynamic or static random access memory (RAM), a read-
only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), a magnetic storage
device, a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures imn a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine i1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server or cluster of servers. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.
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Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-

ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
istructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the mnstructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart 1llustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

FIG. 1 depicts a schematic diagram of one illustrative
embodiment of a question prioritization system 10 and
question/answer (QA) system 100 connected to a computer
network 102. The QA system 100 includes a knowledge
manager 104 that 1s connected to a knowledge base 106 and
configured to provide question/answer (QA) generation
functionality for one or more content users who submit
across the network 102 to the QA system 100. To assist with
cllicient sorting and presentation ol questions to the QA
system 100, the prioritization system 10 may be connected
to the computer network 102 to receive user questions, and
may include a plurality of subsystems which interact with




US 9,892,192 B2

S

cognitive systems, like the knowledge manager 100, to
prioritize questions or requests being submitted to the
knowledge manager 100.

The Named Entity subsystem 12 receives and processes
cach question 11 by using natural language (NL) processing
to analyze each question and extract question topic infor-
mation contained in the question, such as named entities,
phrases, n-grams, urgent terms, and/or other specified terms
which are stored 1n one or more domain entity dictionaries
13. By leveraging a plurality of pluggable domain diction-
aries relating to different domains or areas (e.g., travel,
healthcare, electronics, game shows, financial services), the
domain dictionary 11 enables critical and urgent words (e.g.,
“threat level”) from different domains (e.g., “travel”) to be
identified 1n each question based on their presence in the
domain dictionary 11. To this end, the Named Entity sub-
system 12 may use a Natural Language Processing (NLP)
routine to 1dentify the question topic information in each
question. As used herein, “NLP” refers to the field of
computer science, artificial intelligence, and linguistics con-
cerned with the interactions between computers and human
(natural) languages. In this context, NLP is related to the
area of human—computer interaction and natural language
understanding by computer systems that enable computer
systems to derive meaning from human or natural language
input. For example, NLP can be used to derive meaning
from a human-oriented question such as, “What 1s tallest
mountain in North America?” and to identily specified
terms, such as named entities, phrases, or urgent terms
contained 1n the question. The process 1dentifies key terms
and attributes in the question and compares the i1dentified
terms to the stored terms in the domain dictionary 13.

The Question Priority Manager subsystem 14 performs
additional processing on each question to extract question
context information 15A. In addition or in the alternative,
the Question Priority Manager subsystem 14 may also
extract server performance information 13B for the question
prioritization system 10 and/or QA system 100. In selected
embodiments, the extracted question context information
15A may include data that identifies the user context and
location when the question was submitted or received. For
example, the extracted question context information 15A
may include data that identifies the user who submitted the
question (e.g., through login credentials), the device or
computer which sent the question, the channel over which
the question was submitted, the location of the user or device
that sent the question, any special interest location 1ndicator
(e.g., hospital, public-safety answering point, etc.), or other
context-related data for the question. The Question Priority
Manager subsystem 14 may also determine or extract
selected server performance data 15B for the processing of
cach question. In selected embodiments, the server perfor-
mance mformation 15B may include operational metric data
relating to the available processing resources at the question
prioritization system 10 and/or QA system 100, such as
operational or run-time data, CPU utilization data, available
disk space data, bandwidth utilization data, etc. As part of
the extracted information 15A/B, the Question Priority
Manager subsystem 14 may identily the SLA or QoS
processing requirements that apply to the question being
analyzed, the history of analysis and feedback for the
question or submitting user, and the like. Using the question
topic information and extracted question context and/or
server performance information, the Question Priority Man-
ager subsystem 14 1s configured to populate feature values
for the Priority Assignment Model 16 which provides a
machine learning predictive model for generating a target
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priority values for the question, such as by using an artificial
intelligence (Al) based learned models and 1n some cases
rule-based logic to determine and assign a question urgency
value to each question for purposes of prioritizing the
response processing of each question by the QA system 100.

The Prioritization Manager subsystem 17 performs addi-
tional sort or rank processing to organize the recerved
questions based on at least the associated target priority
values such that high priority questions are put to the front
ol a prioritized question queue 18 for output as priortized
questions 19. In the question queue 18 of the Prioritization
Manager subsystem 17, the highest priority question 1s
placed at the front for delivery to the assigned QA system
100. In selected embodiments, the prioritized questions 19
from the Prionitization Manager subsystem 17 that have a
specified target priority value may be assigned to a specific
pipeline (e.g., QA System 100A) 1n the QA system cluster
100. As will be appreciated, the Prioritization Manager
subsystem 17 may use the question queue 18 as a message
queue to provide an asynchronous communications protocol
for delivering prioritized questions 19 to the QA system 100
such that the Prioritization Manager subsystem 17 and QA
system 100 do not need to interact with a question queue 18
at the same time by storing prioritized questions in the
question queue 18 until the QA system 100 retrieves them.
In this way, a wider asynchronous network supports the
passing ol prioritized questions as messages between dil-
ferent computer systems 100A, 1008, connecting multiple
applications and multiple operating systems. Messages can
also be passed from queue to queue 1n order for a message
to reach the ultimate desired recipient. An example of a
commercial implementation of such messaging software 1s
IBM’s WebSphere MQ (previously MQ Series). In selected
embodiments, the organizational function of the Prioritiza-
tion Manager subsystem 17 may be configured to convert
over-subscribing questions 1nto asynchronous responses,
even 1f they were asked 1n a synchronized fashion.

The QA system 100 may include one or more QA system
pipelines 100A, 100B, each of which includes a computing
device 104 (comprising one or more processors and one or
more memories, and potentially any other computing device
clements generally known 1n the art including buses, storage
devices, communication interfaces, and the like) for pro-
cessing questions received over the network 102 from one or
more users at computing devices (e.g., 110, 120, 130)
connected over the network 102 for communication with
cach other and with other devices or components via one or
more wired and/or wireless data communication links,
where each communication link may comprise one or more
of wires, routers, switches, transmitters, receivers, or the
like. In this networked arrangement, the QA system 100 and
network 102 may enable question/answer (QA) generation
functionality for one or more content users. Other embodi-
ments of QA system 100 may be used with components,
systems, sub-systems, and/or devices other than those that
are depicted herein.

In each QA system pipeline 100A, 100B, a prioritized
question 19 1s received and prioritized for processing to
generate an answer 20. In sequence, prioritized questions 19
are dequeued from the shared question queue 18, from
which they are de-queued by the pipeline instances for
processing 1n priority order rather than insertion order. In
selected embodiments, the question queue 18 may be 1mple-
mented based on a “priority heap” data structure. During
processing within a QA system pipeline (e.g., 100A), ques-
tions may be split into many subtasks which run concur-
rently. A single pipeline instance can process a number of
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questions concurrently, but only a certain number of sub-
tasks. In addition, each QA system pipeline may include a
prioritized queue (not shown) to manage the processing
order of these subtasks, with the top-level priority corre-
sponding to the time that the corresponding question started
(earliest has highest priornity). However, 1t will be appreci-
ated that such internal prioritization within each QA system
pipeline may be augmented by the external target priority
values generated for each question by the Question Priority
Manager subsystem 14 to take precedence or ranking pri-
ority over the question start time. In this way, more 1mpor-
tant or higher priority questions can “fast track” through the
QA system pipeline 11 1t 1s busy with already-running
questions.

In the QA system 100, the knowledge manager 104 may
be configured to receive mputs from various sources. For
example, knowledge manager 104 may receive mput from
the question prioritization system 10, network 102, a knowl-
edge base or corpus of electronic documents 106 or other
data, a content creator 108, content users, and other possible
sources of iput. In selected embodiments, some or all of the
inputs to knowledge manager 104 may be routed through the
network 102 and/or the question prioritization system 10.
The various computing devices (e.g., 110, 120, 130) on the
network 102 may 1nclude access points for content creators
and content users. Some of the computing devices may
include devices for a database storing the corpus of data as
the body of information used by the knowledge manager 104
to generate answers to cases. The network 102 may include
local network connections and remote connections in vari-
ous embodiments, such that knowledge manager 104 may
operate 1n environments of any size, including local and
global, e.g., the Internet. Additionally, knowledge manager
104 serves as a front-end system that can make available a
variety ol knowledge extracted from or represented in
documents, network-accessible sources and/or structured
data sources. In this manner, some processes populate the
knowledge manager with the knowledge manager also
including mput interfaces to recerve knowledge requests and
respond accordingly.

In one embodiment, the content creator creates content 1n
a document 106 for use as part of a corpus of data with
knowledge manager 104. The document 106 may include
any file, text, article, or source of data (e.g., scholarly
articles, dictionary definitions, encyclopedia references, and
the like) for use 1n knowledge manager 104. Content users
may access knowledge manager 104 via a network connec-
tion or an Internet connection to the network 102, and may
input questions to knowledge manager 104 that may be
answered by the content in the corpus of data. As further
described below, when a process evaluates a given section of
a document for semantic content, the process can use a
variety ol conventions to query it from the knowledge

manager. One convention 1s to send a well-formed question.
Semantic content 1s content based on the relation between
signifiers, such as words, phrases, signs, and symbols, and
what they stand for, their denotation, or connotation. In other
words, semantic content 1s content that interprets an expres-
s10on, such as by using Natural Language (NL) Processing. In
one embodiment, the process sends well-formed questions
(e.g., natural language questions, etc.) to the knowledge
manager. Knowledge manager 104 may interpret the ques-
tion and provide a response to the content user containing,
one or more answers to the question. In some embodiments,
knowledge manager 104 may provide a response to users in
a ranked list of answers.
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In some 1llustrative embodiments, QA system 100 may be
the IBM Watson™ QA system available from International
Business Machines Corporation of Armonk, N.Y., which 1s
augmented with the mechanisms of the illustrative embodi-
ments described hereafter. The IBM Watson™ knowledge
manager system may receive an input question which 1t then
parses to extract the major features of the question, that in
turn are then used to formulate queries that are applied to the
corpus of data. Based on the application of the queries to the
corpus of data, a set of hypotheses, or candidate answers to
the input question, are generated by looking across the
corpus of data for portions of the corpus of data that have
some potential for containing a valuable response to the
input question.

The IBM Watson™ QA system then performs deep analy-
s1s on the language of the input prioritized question 19 and
the language used 1n each of the portions of the corpus of
data found during the application of the queries using a
variety of reasoning algorithms. There may be hundreds or
even thousands of reasoming algorithms applied, each of
which performs different analysis, e.g., comparisons, and
generates a score. For example, some reasoning algorithms
may look at the matching of terms and synonyms within the
language of the mput question and the found portions of the
corpus ol data. Other reasoning algorithms may look at
temporal or spatial features 1n the language, while others
may evaluate the source of the portion of the corpus of data
and evaluate 1ts veracity.

The scores obtained from the various reasoning algo-
rithms 1ndicate the extent to which the potential response 1s
inferred by the mput question based on the specific area of
focus of that reasoning algorithm. Each resulting score 1s
then weighted against a statistical model. The statistical
model captures how well the reasoming algorithm performed
at establishing the inference between two similar passages
for a particular domain during the traiming period of the IBM
Watson™ QA system. The statistical model may then be
used to summarize a level of confidence that the IBM
Watson™ QA system has regarding the evidence that the
potential response, 1.e., candidate answer, 1s inferred by the
question. This process may be repeated for each of the
candidate answers until the IBM Watson™ QA system
identifies candidate answers that surface as being signifi-
cantly stronger than others and thus, generates a final
answer, or ranked set of answers, for the mput question. The
QA system 100 then generates an output response or answer
20 with the final answer and associated confidence and
supporting evidence. More information about the IBM Wat-
son™ QA system may be obtained, for example, from the
IBM Corporation website, IBM Redbooks, and the like. For
example, information about the IBM Watson™ QA system
can be found in Yuan et al., “Watson and Healthcare,” IBM
developerWorks, 2011 and ““The Fra of Cognitive Systems:
An Inside Look at IBM Watson and How it Works™ by Rob
High, IBM Redbooks, 2012.

Types of information handling systems that can utilize
QA system 100 range from small handheld devices, such as
handheld computer/mobile telephone 110 to large main-
frame systems, such as mainirame computer 170. Examples
of handheld computer 110 1include personal digital assistants
(PDASs), personal entertainment devices, such as MP3 play-
ers, portable televisions, and compact disc players. Other
examples of information handling systems include pen, or
tablet, computer 120, laptop, or notebook, computer 130,
personal computer system 1350, and server 160. As shown,
the various information handling systems can be networked
together using computer network 102. Types of computer
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network 102 that can be used to iterconnect the various
information handling systems include Local Area Networks

(LANSs), Wireless Local Area Networks (WLANSs), the Inter-
net, the Public Switched Telephone Network (PSTN), other
wireless networks, and any other network topology that can
be used to interconnect the mmformation handling systems.
Many of the information handling systems include nonvola-
tile data stores, such as hard drives and/or nonvolatile
memory. Some of the information handling systems may use
separate nonvolatile data stores (e.g., server 160 utilizes
nonvolatile data store 165, and mainiframe computer 170
utilizes nonvolatile data store 175). The nonvolatile data
store can be a component that 1s external to the various
information handling systems or can be internal to one of the
information handling systems. An illustrative example of an
information handling system showing an exemplary proces-
sor and various components commonly accessed by the
processor 1s shown 1n FIG. 2.

FI1G. 2 illustrates information handling system 200, more
particularly, a processor and common components, which 1s
a simplified example of a computer system capable of
performing the computing operations described herein.
Information handling system 200 includes one or more
processors 210 coupled to processor interface bus 212.
Processor interface bus 212 connects processors 210 to
Northbridge 215, which 1s also known as the Memory
Controller Hub (MCH). Northbridge 2135 connects to system
memory 220 and provides a means for processor(s) 210 to
access the system memory. In the system memory 220, a
variety of programs may be stored in one or more memory
device, including a question priority module 221 which may
be invoked to dynamically assigning question priority based
on question extraction and domain dictionary. Graphics
controller 225 also connects to Northbridge 215. In one
embodiment, PCI Express bus 218 connects Northbridge
215 to graphics controller 225. Graphics controller 2235
connects to display device 230, such as a computer monitor.

Northbridge 215 and Southbridge 235 connect to each
other using bus 219. In one embodiment, the bus 1s a Direct
Media Interface (DMI) bus that transiers data at high speeds
in each direction between Northbridge 2135 and Southbridge
235. In another embodiment, a Peripheral Component Inter-
connect (PCI) bus connects the Northbridge and the South-
bridge. Southbridge 235, also known as the I/O Controller
Hub (ICH) 1s a chip that generally implements capabilities
that operate at slower speeds than the capabilities provided
by the Northbridge. Southbridge 235 typically provides
various busses used to connect various components. These
busses include, for example, PCI and PCI Express busses, an

ISA bus, a System Management Bus (SMBus or SMB),
and/or a Low Pin Count (LPC) bus. The LPC bus often
connects low-bandwidth devices, such as boot ROM 296
and “legacy” I/0O devices (using a “super 1/O” chip). The
“legacy” 1/0 devices (298) can include, for example, serial
and parallel ports, keyboard, mouse, and/or a tfloppy disk
controller. Other components often included 1n Southbridge
235 1nclude a Direct Memory Access (DMA) controller, a
Programmable Interrupt Controller (PIC), and a storage
device controller, which connects Southbridge 235 to non-
volatile storage device 285, such as a hard disk drive, using
bus 284.

ExpressCard 255 1s a slot that connects hot-pluggable
devices to the information handling system. ExpressCard
255 supports both PCI Express and USB connectivity as i1t
connects to Southbridge 235 using both the Universal Serial
Bus (USB) the PCI Express bus. Southbridge 235 includes
USB Controller 240 that provides USB connectivity to
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devices that connect to the USB. These devices include
webcam (camera) 250, infrared (IR) receiver 248, keyboard
and trackpad 244, and Bluetooth device 246, which provides
for wireless personal area networks (PANs). USB Controller
240 also provides USB connectivity to other miscellaneous
USB connected devices 242, such as a mouse, removable
nonvolatile storage device 245, modems, network cards,
ISDN connectors, fax, printers, USB hubs, and many other
types of USB connected devices. While removable nonvola-
tile storage device 245 1s shown as a USB-connected device,
removable nonvolatile storage device 245 could be con-
nected using a different interface, such as a Firewire inter-

face, etc.
Wireless Local Area Network (LAN) device 275 connects

to Southbridge 235 via the PCI or PCI Express bus 272.
LAN device 275 typically implements one of the IEEE
802.11 standards for over-the-air modulation techmques to
wireless communicate between information handling system
200 and another computer system or device. Extensible
Firmware Interface (EFI) manager 280 connects to South-
bridge 235 via Serial Peripheral Interface (SPI) bus 278 and
1s used to interface between an operating system and plat-
form firmware. Optical storage device 290 connects to
Southbridge 235 using Serial ATA (SATA) bus 288. Serial
ATA adapters and devices communicate over a high-speed
serial link. The Serial ATA bus also connects Southbridge
235 to other forms of storage devices, such as hard disk
drives. Audio circuitry 260, such as a sound card, connects
to Southbridge 235 via bus 258. Audio circuitry 260 also
provides functionality such as audio line-in and optical
digital audio 1n port 262, optical digital output and head-
phone jack 264, internal speakers 266, and internal micro-
phone 268. Ethernet controller 270 connects to Southbridge
235 using a bus, such as the PCI or PCI Express bus.
Ethernet controller 270 connects information handling sys-
tem 200 to a computer network, such as a Local Area
Network (LAN), the Internet, and other public and private
computer networks.

While FIG. 2 shows one mnformation handling system, an
information handling system may take many forms, some of
which are shown in FIG. 1. For example, an information
handling system may take the form of a desktop, server,
portable, laptop, notebook, or other form factor computer or
data processing system. In addition, an information handling
system may take other form factors such as a personal digital
assistant (PDA), a gaming device, ATM machine, a portable
telephone device, a communication device or other devices
that include a processor and memory.

FIGS. 3-4 depict an approach that can be executed on an
information handling system to prioritize questions being
presented to a knowledge management system, such as QA
system 100 shown in FIG. 1. This approach can be included
within the QA system 100 or provided as a separate question
prioritization system 10 that 1s interposed between the
computer network 102 and the QA system 100. Wherever
implemented, the disclosed question prioritization scheme
mines submitted questions for information to obtain an
improved understanding of the entirety of the question
before assessing the question’s priority. The mined infor-
mation includes the presence of any key terms, phrases, or
named entities 1n the question which may be determined by
using NLP techniques to extract and compare the question
terms with terms stored 1n one or more domain dictionaries
which store significant words, names, or phrases 1n diflerent
industry areas. In addition, the prioritization scheme extracts
contextual imformation for each question, such as the loca-
tion or device where the question was submitted, the identity
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or profile of the user submitting the question, and even the
system context under which the question was asked, (e.g.,
operational metric data for the processing of each question)
which can aflect the prioritization of the question. The
prioritization scheme may also leverage key business per-
formance indicators into processing priority, such as SLA or
QoS requirements. Those skilled 1n the art will appreciate
the applicability of the question prioritization approach in a
deep question answering system where a plurality of difler-
ent questions might be posed by different users in using
varying phrasing. For example, users may submit questions,
such as “What 1s the number to reach the Air Ambulance?”
or “Does the local pharmacy provide a first aid kit?” or
“What 1s the current terror threat level?” or “How should 1
use the defibrillator?” Based on the extracted key terms,
question context, and/or system context under which the
question are asked, the questions can be prioritized using the
techniques and approaches described herein.

To provide additional details for an improved understand-
ing of selected embodiments of the present disclosure,
reference 1s now made to FIG. 3 which depicts a simplified
flow chart showing the logic for dynamically assigning
question priority based on extracted named entity and ques-
tion context information. The processing shown 1n FIG. 3 1s
performed when a question request (e.g., question 11) 1s
presented for processing, such as by a cognitive system,
such as an IBM Watson™ QA system or other natural
language question answering system shown 1n FIG. 1. FIG.
3 processing commences at 301 whereupon, at step 302, the
process analyzes the question request using NLP techniques
to 1dentily key question attributes and terms that are
included 1n the question request. The processing at step 302
may be performed at the question prioritization system 10,
QA system 100, or other NLP question answering system.
As described herein, a Natural Language Processing (NLP)
routine may be used to perform deep NLP analysis on the
question request, where “NLP” refers to the field of com-
puter science, artificial intelligence, and linguistics con-
cerned with the interactions between computers and human
(natural) languages. In this context, NLP 1s related to the
areca ol human-computer interaction and natural language
understanding by computer systems that enable computer
systems to derive meaning from human or natural language
input. For example, NLP can be used to derive meaning
from a human-oriented question such as, “What i1s the
number to reach the Air Ambulance?”” and return a listing of
one or more key terms included in the question request.

At step 304, urgent words or phrases are extracted from
the question request. The processing at step 304 may be
performed at the Named Entity subsystem 12 (FIG. 1) or
other NLP routine which processes or triages the question
request to extract urgent words or phrases contained 1n the
question, such as named entity, relationship, and/or co-
reference information contained 1n the question request. For
example, 1n a first question request—"“What 1s the number to
reach the Air Ambulance?”—the extracted named entity
information may be the term “Air Ambulance,” while the
extracted relationship information may refer to the relation-
ship between air ambulance (named entity), number (noun)
and reach (verb), and the extracted co-reference information
may refer to the (phone) number to contact the air ambu-
lance. In contrast, a second question request—“Does the
local pharmacy provide a first aid kit?—might include
extracted named entity information, “pharmacy,” which
would merit a lower priority assessment as compared to the
extracted “Air Ambulance” term from the first question
request. As a result of the extraction processing step 304, one
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or more priority attribute features for the question request
may be 1dentified and quantified, such as a question 1denti-
fication (e.g., QuestionlD) or date attribute feature for the
question request (e.g., Date=Nov. 19, 2013) or a word
attribute  feature for the question request (e.g.,
Word=abnormal or critical or fire or pain or eflective, efc.).

At step 306, origin information for the question request 1s
extracted from the question request. The processing at step
304 may be performed at the Named Entity subsystem 12
and/or Question Priority Manager 14 (FIG. 1) or other NLP
routine. In selected embodiments, the extracted origin infor-
mation may be geographical or location information relating
to the question request (e.g., a 911 call center, hospital, or
other specified location). In addition or 1n the alternative, the
extracted origin information may include geographical or
location information for the user device which submaitted the
question request (e.g., the GPS location information for a
cell phone or a communication channel over which the
question request was presented, the IP address for an origi-
nating device, etc.). In addition or in the alternative, the
extracted origin information may include geographical or
location information for a user group which submitted the
question request (e.g., an identifier for a customer group
associated with question request, such as a hospital group
having a specified SLA or QoS agreement). As a result of the
origin processing step 306, one or more priority attribute
features for the question request may be identified and
quantified, such as an origin location attribute feature for the
question request (e.g., Originl.ocation=PSAP or Precinct, or
Federal Location or Other) or an origin device attribute
feature for the question request (e.g.,
OriginDevice=Mozilla/5.0 (1Pad) or Mozilla/5.0 (1Phone) or
Mozilla/5.0 (Android) or Window NT 6.1).

At step 308, the extracted urgent words from the question
request may be compared or checked against a domain entity
dictionary. By leveraging a domain dictionary (e.g., Domain
Dictionary 13), the processing step 308 may can compare
extracted urgent words or phrases from the question request
with a plurality of different dictionaries for diflerent
domains or areas (e.g., travel, healthcare, electronics, game
shows, financial services). The results of the processing step
308 may be used to assign a higher priority level to the
question request which contains terms that are also stored 1n
the domain entity dictionary. The processing at step 308 may
be performed at the Named Entity subsystem 12 and/or
Question Priority Manager 14 (FI1G. 1) or other NLP routine.
As a result of the domain dictionary check processing step
308, one or more prionty attribute features for the question
request may be 1dentified and quantified to indicate whether
extracted words 1n the question request correspond to terms
in a domain dictionary, such as an domain dictionary attri-
bute feature for the question request (e.g.,
PresentInDomainDict=True or False).

At step 310, the question request may be analyzed to
determine 1f the extracted origin location information cor-
responds to a special interest location (such as a hospital,
public safety answering point, or other specified location)
which 1s slated for higher priority treatment. At processing
step 310, the extracted origin location information may be
checked against certain specified locations having assigned
priority levels which are used to elevate or increase the
prioritization of the question request. In addition or in the
alternative, the extracted origin location information may be
checked against dynamically i1dentified origin locations
(e.g., regions where there 1s a power outage, tornado, or
other incident of interest). The results of the processing step
310 may be used to assign a higher priority level to the
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question request. The processing at step 310 may be per-
formed at the Named Entity subsystem 12 and/or Question
Priority Manager 14 (FIG. 1) or other NLP routine. As a
result of the special interest location processing step 310,
one or more priority attribute features for the question
request may be 1dentified and quantified to indicate whether
the question request originated from a special interest loca-
tion (e.g., SpeciallnterestLocation=True or False).

At step 312, the question request may be analyzed to
assess the priority of the user or user group who originated
or submitted the question request. For example, 11 profile
information for the originating user or user group indicates
that the user 1s entitled to higher priorty treatment under the
processing requirements of Service Level Agreement (SLA)
and/or Quahty of Service (QoS) commitments, the results of
the processing step 312 may be used to elevate Or 1NCrease
the prioritization of the question request. The processing at
step 312 may be performed at the Named Entity subsystem
12 and/or Question Prionty Manager 14 (FIG. 1) or other
NLP routine. As a result of the user priority processing step
312, one or more priorty attribute features for the question
request may be i1dentified and quantified to indicate the
priority of the user or user group that submitted the question
request (e.g., OnginGroup=Management or Administrator
or Agent or Customer or Unknown).

At step 314, the question request may be analyzed by
retrieving operational performance-related data, such as
operational run-time data, for the server systems which are
available to answer the question request. Examples of such
retrieved performance data include, but are not limited to
CPU utilization rates, available disk space, bandwidth uti-
lization at the question answering system. If the retrieved
operational performance data indicates that a first QA sys-
tem 1s overloaded, the results of the processing step 314 wall
be used to assign the question request to another QA system
or instance. The processing at step 314 may be performed at
the Named Entity subsystem 12 and/or Question Priority
Manager 14 (FIG. 1) or other NLP routine. As a result of the
processing step 314, one or more priority attribute features
for the question request may be 1dentified and quantified to
indicate the operational performance-related data for the
applicable QA system (e.g., CPUU11=15.299% or 89.55%).

At step 316, the process uses the combined results of the
previous steps 302-314 to run feature values through a
priority prediction machine learning model to generate a
priority value for the question request. In selected embodi-
ments, the processing at step 316 may be performed at
Question Priority Manager 14 (FIG. 1) or other NLP routine
which mvokes the Priority Assignment Model 16 for each
question request using associated feature values extracted
from the question request and other places. In response to
the populated feature values, the priority prediction model
generates a target variable (e.g., T_Prionity=Escalated or
Low or Normal or High) for the question request which may
be assigned as a target priority value to the question request.
To 1llustrate an example result of the processing step 316,
reference 1s now made to FIG. 4 which depicts an example
screen shot output 400 from the question priority manager
which processes a data set for a specified question request
401 to generate values 404 for a plurality of priority attribute
features 402 and a corresponding target question priority
403. As illustrated, the question request 401 1s 1dentified
with a QuestionlD field having a specified value. In addition,
an associated plurality of values 404 for the priority attribute
ficlds 402 may be generated by the question priority man-
ager which extracts, reads, and populates diflerent feature or
attribute fields 402 (e.g., Date, Word, PresentInDomainDic-
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tionary, OriginlLocation, OriginDevice, PriorityUser, Orig-
inGroup, SpeciallnterestLocationlndicator, CPUUl, etc.)
with corresponding priority attribute feature values 404. In
selected embodiments, the question priority manager may
use a machine-learning predictive model to assign a target
question priority value 404 (e.g., “Normal” or “High™) as the
question priority 403 for the question request based on the
question topic, question context mnformation, and/or opera-
tional performance metric data for the QA system. For
example, the question priority may be based on specified
named entity or term phrases extracted from the question
and present 1n a domain entity dictionary, the originating
user group name/1d, the originating location, the operational
run-time data for the system, and overall SLA commitments
on processing time. In evaluating the priority attribute
values, numerical thresholds or categories may be used to
assign priority values using machine learning classification
techniques, such as linear regression, logistic regression,
decision trees, and the like. For example, lower priority may
be 1indicated 11 the number of question requests 1s at or below
a specified threshold, while higher priority may be indicated
if the number of question requests 1s above the specified
threshold. Similarly, lower priority may be indicated 1t the
retrieved system performance metric (e.g., CPUUMl) 1s at or
below a specified performance threshold, while higher pri-
ority may be indicated 1f the retrieved system performance
metric 1s above the specified performance threshold. In
addition, higher priority may be indicated 1f the originating
user group 1s 1dentified as a prority group (e.g.,
OriginGroup=Administrator or Agent or Management),
while lower priority may be indicated if the originating user
group 1s part of a lower priority group (e.g.,
OriginGroup=Customer or Unknown).

Referring back to FI1G. 3, the question request 1s organized
in the question queue based on 1ts assigned priority for
delivery to the QA system at step 318. In selected embodi-
ments, the processing at step 318 may be performed at
Prioritization Manager 17 (FIG. 1) or other message pro-
cessing soitware (e.g., IBM’s WebSphere MQ or MQ Series
soltware) which places the question request on a heap for
processing by a designated QA system. The Prioritization
Manager 17 may organize the question queue by weighing
the assigned priority values for the question requests such
that high priority questions having high-ranking priority
values are put to the front of the queue for sequential
removal by a designated QA system pipeline. After priori-
tization of pending question requests, prioritization process
ends at step 320, at which point the question requests in the
question queue may be processed by the designated pipeline
(e.g., QA System 100A 1n the QA system cluster 100) which
de-queues the highest priority question request. In selected
embodiments, each de-queued questlon request may nclude
the assigned priority value. However, 1n other embodiments,
the question requests 1n the question queue do not mclude
the assigned priority values.

By now, it will be appreciated that there i1s disclosed
herein a system, method, apparatus, and computer program
product for dynamically prioritizing questions based on
extracted question parameters using an information handling
system having a processor and a memory. As disclosed, the
system, method, apparatus, and computer program product
receive a plurality of questions and extract therefrom a
plurality of question priority parameters including one or
more question topics and a plurality of question context
parameters for each question. In selected embodiments, the
question priority parameters may be extracted by performing
a natural language processing (NLP) analysis of each ques-
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tion, wherein the NLP analysis results in one or more
question topics comprising extracted named entity informa-
tion from said question. In other embodiments, the question
priority parameters may be extracted by comparing the
extracted named entity information from each question to
key priority terms contained 1n one or more domain diction-
ary databases to 1dentily extracted named entity information
that matches one or more key prority terms. In other
embodiments, the question priority parameters may be
extracted by i1dentitying, for each question, question timing
data, question source data, question location data, profile
data for the user or user group submitting the question and
performance requirement data for the user or user group
submitting the question. Based on the plurality of question
priority parameters identified for said question, a target
priority value 1s determined for each question. In selected
embodiments, the target priority value may be determined
by executing a priority prediction machine learning model
against the plurality of question priority parameters identi-
fied for each question to generate a priority value for said
question. In addition, one or more system performance
parameters—such as a processor utilization data, available
memory space data, and bandwidth utilization data—may be
identified by the mformation handling system for use in
determining the target priority value for each question. After
generating the target priority values, the information han-
dling system may dynamically prioritize processing of the
plurality of questions by comparing the target priority values
for each of the plurality of questions. In selected embodi-
ments, processing of the plurality of questions may be
dynamically prioritized by applying an artificial intelligence
(Al) learned models and rule-based logic at the information
handling system to sort the plurality of questions based on
the target prionty values for the plurality of questions.
While particular embodiments of the present immvention
have been shown and described, 1t will be obvious to those
skilled 1n the art that, based upon the teachings herein, that
changes and modifications may be made without departing
from this mvention and 1ts broader aspects. Therefore, the
appended claims are to encompass within their scope all
such changes and modifications as are within the true spirit
and scope of this invention. Furthermore, 1t 1s to be under-
stood that the mvention 1s solely defined by the appended
claims. It will be understood by those with skill in the art that
i a specific number of an introduced claim element 1is
intended, such intent will be explicitly recited in the claim,
and 1n the absence of such recitation no such limitation 1s
present. For non-limiting example, as an aid to understand-
ing, the following appended claims contain usage of the
introductory phrases “at least one” and “one or more” to
introduce claim elements. However, the use of such phrases
should not be construed to imply that the introduction of a
claim element by the indefinite articles “a” or “an” limits any
particular claim contaiming such introduced claim element to
inventions containing only one such element, even when the

same claim includes the introductory phrases “one or more”

or “at least one” and indefinite articles such as “a” or “an”;
the same holds true for the use 1n the claims of definite

articles.

What 1s claimed 1s:

1. An information handling system comprising:

ONne Or mMore Processors;

a memory coupled to at least one of the processors;

a set of mstructions stored in the memory and executed by
at least one of the processors to dynamically prioritize
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questions for response processing based on extracted
question parameters, wherein the set ol instructions
perform actions of:

receiving, by the information handling system, a plurality

of questions;

extracting, by the information handling system, a plurality

of question priority parameters comprising one or more
question topics and a plurality of question context
parameters for each question;
identifying, by the information handling system, system
performance parameters for the mmformation handling
system comprising processor utilization data, available
memory space data, and bandwidth utilization data;

determiming, by the information handling system, a target
priority value for each question based on the system
performance parameters and the plurality of question
priority parameters 1dentified for said question;

dynamically prioritizing, by the information handling
system, response processing of the plurality of ques-
tions by comparing the target priority values for each of
the plurality of questions to generate a prioritized
plurality of questions;

storing the prioritized plurality of questions 1n a question

queue at the information handling system which 1is
configured to support asynchronous delivery of the
prioritized plurality of questions; and

passing the prioritized plurality of questions as messages

between to one or more question answering systems.

2. The information handling system of claim 1, wherein
extracting the plurality of question priority parameters coms-
prises performing, by the information handling system, a
natural language processing (NLP) analysis of each ques-
tion, wheremn the NLP analysis results in one or more
question topics comprising extracted named entity informa-
tion from said question.

3. The information handling system of claim 2, wherein
extracting the plurality of question priority parameters fur-
ther comprises comparing the extracted named entity infor-
mation from each question to key priority terms contained in
one or more domain dictionary databases to identily
extracted named entity information that matches one or
more key priority terms.

4. The information handling system of claim 1, wherein
extracting the plurality of question priority parameters coms-
prises 1dentifying, by the information handling system, for
cach question, question timing data, question source data,
question location data, profile data for the user or user group
submitting the question, and performance requirement data
for the user or user group submitting the question.

5. The information handling system of claim 1, wherein
determining a target priority value for each question com-
prises executing, by the information handling system, a
priority prediction machine learning model against the plu-
rality of question priority parameters identified for each
question to generate a priority value for said question.

6. The information handling system of claim 1, wherein
the actions further comprise quantifying, by the information
handling system, one or more priority attribute features for
cach question based on the system performance parameters
to indicate operational performance-related data for the
information handling system.

7. The information handling system of claim 1, wherein
dynamically prioritizing response processing of the plurality
of questions comprises applying an artificial intelligence
(Al) learned models and rule-based logic at the information
handling system to sort the plurality of questions based on
the target priority values for the plurality of questions and to
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present the plurality of questions 1n sorted order to a
question answering (QA) system for response processing.
8. A computer program product stored 1n a non-transitory
computer readable storage medium, comprising computer
instructions that, when executed by an information handling
system, causes the information handling system to dynami-
cally priornitize questions for response processing based on
extracted question parameters by performing actions com-
prising:
receiving, by the information handling system, a plurality
ol questions;
extracting, by the information handling system, a plurality
ol question priority parameters comprising one or more
question topics and a plurality of question context
parameters for each question;
identifying, by the information handling system, system
performance parameters for the mformation handling
system comprising processor utilization data, available
memory space data, and bandwidth utilization data;
determining, by the information handling system, a target
priority value for each question based on the plurality
of question priority parameters 1dentified for said ques-
tion;
dynamically prioritizing, by the information handling
system, response processing of the plurality of ques-
tions by comparing the target priority values for each of
the plurality of questions to generate a prioritized
plurality of questions;
storing the prioritized plurality of questions 1n a question
queue at the information handling system which 1is
configured to support asynchronous delivery of the
prioritized plurality of questions; and
passing the prioritized plurality of questions as messages
between to one or more question answering systems.
9. The computer program product of claim 8, wherein
extracting the plurality of question priority parameters coms-
prises performing, by the information handling system, a
natural language processing (NLP) analysis of each ques-
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tion, wherein the NLP analysis results in one or more
question topics comprising extracted named entity informa-
tion from said question.

10. The computer program product of claim 9, wherein
extracting the plurality of question priority parameters fur-
ther comprises comparing the extracted named entity infor-
mation from each question to key priority terms contained in
one or more domain dictionary databases to identily
extracted named entity information that matches one or
more key priority terms.

11. The computer program product of claim 8, wherein
extracting the plurality of question priority parameters coms-
prises 1dentitying, by the information handling system, for
cach question, question timing data, question source data,
question location data, profile data for the user or user group
submitting the question, and performance requirement data
for the user or user group submitting the question.

12. The computer program product of claim 8, wherein
determining a target priority value for each question com-
prises executing, by the information handling system, a
priority prediction machine learning model against the plu-
rality of question priority parameters i1dentified for each
question to generate a priority value for said question.

13. The computer program product of claim 8, further
comprising quantifying, by the information handling sys-
tem, one or more priority attribute features for each question
based on the system performance parameters to indicate
operational performance-related data for the information
handling system.

14. The computer program product of claim 8, wherein
dynamically prioritizing response processing of the plurality
of questions comprises sorting the plurality of questions
based on the target priority values for the plurality of
questions and presenting the plurality of questions 1n sorted
order to a question answering (QA) system for response
processing.
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